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SUSCEPTIBILITY TO NEUROTRANSMITTER FACTOR DYSFUNCTIONS 
DETECTED USING PLURAL BIOLOGICAL SAMPLE ARRAYS 

FIELD OF THE INVENTION 
This invention relates to methods for concurrently performing multiple biological 
assays by means of gel pads or chips containing microarrays of biological material, 
and more particularly to the examination of particular genes associated with or 
affected by neurotransmitters. The invention further extends to the identification and 
consequent prognostication and implementation of corresponding therapy for 
conditions that cause genetic abnormalities or aberrations particularly those that result 
from excessive exposure to addictive agents and alcohol. The invention extends to 
the fields of chemistry, biology, medicine and diagnostics. 

BACKGROUND OF THE INX^ENTION 

New technology, called VLSIPS™. has enabled the production of chips smaller than a 
thumbnail that contain hundreds of thousands or more of different molecular probes. 
These biological chips or arrays have probes arranged in arrays, each probe assigned a 
specific location. Biological chips have been produced in which each location has a 
scale of, for example, ten microns. The chips can be used to determine whether target 
molecules interact with any of the probes on the chip. After exposing the array to 
target molecules under selected test conditions, scanning devices can examine each 
location in the array and determine whether a target molecule has interacted with the 
probe at that location. 

Biological chips or arrays are useful in a variety of screening techniques for obtaining 
information about either the probes or the target molecules. For example, a library of 
peptides can be used as probes to screen for drugs. The peptides can be exposed to a 
receptor, and those probes that bind to the receptor can be identified. 
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Arrays of nucleic acid probes can be used to extract sequence information from, for 
example, nucleic acid samples. The samples are exposed to the probes under 
conditions that allow hybridization. The arrays are then scanned to determine to which 
probes the sample molecules have hybridized. One can obtain sequence information 
by careful probe selection and using algorithms to compare pattcms of hybridization 
and non-hybridization. This method is useful for sequencing nucleic acids, as well as 
sequence checking. For example, the method is useful in diagnostic screening for 
genetic diseases or for the presence and/or identity of a particular pathogen or a strain 
of pathogen. 

Of particular interest herein are the abnormalities or polymorphisms that develop in 
genes that code for proteins the expression of which is known to be affected by 
narcotics such as opiates, cocaine or alcohol. Drug addiction continues to be a major 
medical and social problem. It is estimated that one million or more persons in the 
United States are currently addicted to heroin, with milhons more worldwide. 
Cocaine addiction and alcohol dependence are frequent co-morbid conditions in 
heroin addicts in addition to being major primary addictions. Many studies over the 
past thirty years have shown that these drugs disrupt physiologic systems, and that 
these disruptions may contribute to drug addiction and alcohol dependence and to 
relapse to drug or alcohol abuse following withdrawal and abstinence. Clinical 
observations suggest that individuals differ in their response to heroin, cocaine, and 
alcohol; however, little is known about specific underlying hereditary genetic factors 
which might influence individual susceptibility to the addictive properties of these 
substances. Recent studies in genetic epidemiology provide evidence for heritable 
contributions to drug addiction in general and also heroin addiction specifically. A 
heritable basis for alcohol dependence has long been established. Furthermore, there 
is evidence that both common and distinct genetic factors underlie some of the 
susceptibility for these addictive diseases. Clearly an interaction of both 
environmental and genetic factors play a role in the addictions. 

It is hypothesized that polymorphism exists in genes involved in the biological 
responses to heroin, cocaine, and alcohol, and that some of these polymorphisms will 
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result in variant fornis of the proteins they encode. Other polymoiphisms which do 
not result in amino acid changes will be useful in association and linkage studies and 
also in genome scans. Those polymorphisms which do result in changes in amino 
acid structure should be studied for function, as it is further hypothesized that some of 
the individual variations in responses to acute or chronic exposure to, or withdrawal 
from, heroin, cocaine, and alcohol may be mediated, in part, by the variant forms of 
these proteins. In addition, it is believed that other genes may be involved in the 
development and persistence of addiction and in relapse, and that these genes may be 
identified by a genome scan of affected sib pairs rigorously characterized with respect 
to the addictive diseases and related co-morbid conditions. Thus, the genes of interest 
herein would desirably be studied with the assistance of the high throughput 
capabilities of contemporary biological array technology. 

With respect to the preparation of biological arrays, devices and corresponding 
methods have been developed that are capable of handling multiple samples 
simultaneously. For example, U.S. Patent No. 5,545,53 1 to Rava et al. discloses a 
device that can process 96 wells, each having probe arrays that, in turn, can define as 
many as 1,000,000 probes. Also, U.S. Patent No. 5,858,661 to Shiloh illustrates the 
full exposition of a particular gene, and includes DNA chip analysis as a means of 
exploiting the information regarding the gene for patient analysis. To date however, 
the particular family of genes of interest herein and the manner in which they would 
be disposed on such an array and studied has not been considered or addressed, and it 
is to the achievement of this and related objectives that the present invention is 
directed. Naturally, the ability to conduct such studies in a thorough and rapid 
manner is highly desirable. 

The citation of any reference herein should not be construed as an admission that such 
reference is available as "Prior Art" to the instant application. 



SUMMARY OF THE INVENTION 
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The present invention provides a novel means of studying genes of interest and 
relevance to a variety of neurological disorders and dysfunctions, and particularly, 
those genes affected by exposure to agents of addiction and alcohol dependence. 
Specifically, the invention extends to a device providing a biological array on which 
there are disposed a plurality of DNA and RNA sequences corresponding to the genes 
of interest. This array provides a multifunction analytical capability, as it facilitates 
the study of RNA abnormalities or polymorphisms, and particularly single nucleotide 
polymorphisms (SNPs), will yield quantitative information as to the physiological 
and/or pathological condition of the test subject, while the analysis of the DNA of the 
subject will provide information regarding subject genotype and corresponding 
genetic predisposition. 

More particularly, the biological arrays useful herein include those arrays prepared by 
the solid phase techniques as disclosed in Rava et al. supra. ^ as well as the use of 
polymeric gel affixation of multiple oligonucleotide strands to e,g. a glass plate, as 
disclosed by Yershov et al. (1996) Proc. Natl Acad, Set USA 93:4913-4918, the 
disclosures of which are incorporated herein by reference in their entireties. 
Advantages of such gel pad microarrays include 1) high sensitivity and discriminative 
power, as interrogating a base position requires only a single base call set (two to four 
oligonucleotides) rather than the use of massively parallel analysis with multiple 
oligonucleotides spanning the base position; 2) ease of customization; 3) low cost and 
reusability - multiple reuses per chip; 4) ease of preparation - manual rather than 
robotic preparation of microchips is possible; 5) real-time kinetic analysis of target 
annealing or melting theraiodynamics; and 6) flexibility of approach, as 
oligonucleotides, cDNA, or protein can be linked to acrylamide gel pads on 
microchips and enzymatic reactions can be incorporated into microchip design. These 
advantages will enable future directions in mu opioid receptor SNP identification 
including 1) multiple exon targets hybridized to the same chip simultaneously using 
single or multiple dye labeling; 2) other methods of chemical labeling and 
fragmentation of RNA targets; 3) single-stranded DNA as target. 4) single nucleotide 
extension (SNE) methods, and 5) generic hexanucleotide microchip for re-sequencing 
to identify novel polymorphisms, all of which are embraced herein. Other means and 
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techniques for disposing plural biological materials on a solid surface are 
contemplated herein and considered to be a part hereof. 

The invention relates to the study of both RNA and DNA to discover and analyze the 
significance of altered gene expression and polymorphic changes, extending to single 
nucleotide polymorphisms (SNPs) of a large family of neurotransmitter factors. The 
family of materials and genes intended herein, includes those genes involved with the 
following exemplary physiological and pathological states and conditions: addiction; 
response to pain; stress; gastrointestinal function; immune function; reproductive 
function; and signal transduction. 

Particular genes of interest include the opioid system, such as, the kappa opioid 
receptor and preprodynorphin, the mu receptor, the delta receptor, preproenkephalin, 
the opioid-like receptor (OLRl) and orphanin FQ/ (nociceptin), corticotrophin 
releasing factor and the corticotrophin releasing factor receptor type I, 
preproopiomelanocortin, and related peptide ligands; the dopaminergic system, 
including Dopaminergic receptors D1-D5, the dopamine transporter; the serotonin 
system, including serotonin and melatonin, their particular metabolic and synthetic 
interrelation, and 15 serotonin receptors, and the serotonin transporter; the 
norepincphrin receptor, and related molecules, and signal transducers, such as 
adenylyl cyclase and DARPP-32 the activity cycle of the latter which is controlled by 
interaction with dopamine, dopamine Dl and D2 receptors, and calcineurin. DARPP- 
32 is thought to play a role in diseases such as schizophrenia, Parkinson's disease, 
Tourette's syndrome, drug abuse and attention deficit disorder. In addition, the 
present invention will lead to and thereby comprehends within its scope, methods for 
identifying agents that can be used in such treatment. 

The studies in accordance with the invention are performed using both traditional and 
novel approaches for DNA sequencing and identification of SNPs and other 
polymorphisms. Distribution of allele and genotype frequencies is to be defined with 
respect to ethnicity; association of specific alleles and genotypes with opiate 
addiction, and also with cocaine addiction and alcohol dependency, may be studied. 
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Classical case-control and sib pair association and linkage disequilibrium methods are 
used. Measurement of RNA levels of neurotransmitter factors may also be employed 
to gauge physiological and pathological states and conditions including but not 
limited to addiction; response to pain; stress; gastrointestinal function; immune 
function; reproductive function; and signal transduction. 

The present invention may utilize a biological chip plate comprising a plurahty of test 
wells. Each test well defines a space for the introduction of a sample and contains a 
biological array. The array is formed on a surface of the substrate, with the probes 
exposed to the space. A fluid handling device manipulates the plates to perform steps 
to carry out reactions between the target molecules in samples and the probes in a 
plurality of test wells. The biological chip plate is then interrogated by a biological 
chip plate reader to detect any reactions between target molecules and probes in a 
plurality of the test wells, thereby generating results of the assay. In a further 
embodiment of the invention, the method may also include processing the results of 
the assay with a computer. Such analysis would be useful e.g. when sequencing a 
gene by a method that uses an algorithm to process the results of many hybridization 
assays to provide the nucleotide sequence of the gene. 

The methods of the invention can involve the binding of tagged target molecules to 
the probes. The tags can be, for example, fluorescent markers, chemiluminescent 
markers, light scattering markers or radioactive markers,. In certain embodiments, the 
probes are nucleic acids, such as DNA or RNA molecules. The methods can be used 
to detect or identify polymorphisms resulting from e.g. a pathogenic organism, or 
from the excessive exposure to damaging agents such as opiates and alcohol, or to 
detect a human gene variant, such a the gene for a genetic disease such as cystic 
fibrosis, diabetes, muscular dystrophy or the predisposition to certain neurological 
disorders. 

This invention also provides systems for performing the methods of this invention. In 
an exemplary embodiment, the systems include a biological chip plate; a fluid 
handling device that automatically performs steps to carry out assays on samples 
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introduced into a plurality of the test wells; a biological chip plate reader that 
determines in a plurality of the test wells the results of the assay and, optionally, a 
computer comprising a program for processing the results. The fluid handling device 
and plate reader can have a heater/cooler controlled by a thermostat for controlling the 
temperature of the samples in the test wells and robotically controlled pipets for 
adding or removing fluids from the test wells at predetermined times. 

In certain embodiments, the probes are attached by light-directed probe synthesis. The 
biological chip plates can have 96 wells arranged in 8 rows and 12 columns, such as a 
standard micro titer plate. The probe arrays can each have at least about 100, 1000, 
100,000 or 1,000,000 addressable feamres (e.g., probes). A variety of probes can be 
used on the plates, including, for example, various polymers such as peptides or 
nucleic acids. 

The plates can have wells in which the probe array in each test well is the same. 
Alternatively, when each of several samples are to be subjected to several tests, each 
row can have the same probe array and each column can have a different array. 
Alternatively, all the wells can have different arrays. 

Several methods of making biological chip plates are contemplated. In a method 
presented herein by way of non-limiting example, a wafer and a body are provided. 
The wafer includes a substrate and a surface to which is attached a plurality of arrays 
of probes. The body has a plurality of channels. The body is attached to the surface 
of the wafer whereby the channels each cover an anay of probes and the wafer closes 
one end of a plurality of the channels, thereby forming test wells defining spaces for 
receiving samples. In a second method, a body having a plurality of wells defining 
spaces is provided and biological chips are provided. The pads or chips are attached 
to the wells so that the probe arrays are exposed to the space. Another embodiment 
involves providing a wafer having a plurality of probe arrays; and applying a material 
resistant to the flow of a liquid sample so as to surround the probe arrays, thereby 
creating test wells. 
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10 



This invention may utilize a wafer for makbg a biological sample plate. The wafer 
has a substrate and a surface to which are attached a plurality of probe arrays. The 
probe arrays are arranged on the wafer surface in rows and columns, wherein the 
probe arrays in each row are the same and the probe anrays in each column are 
different. 
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Accordingly, it is a principal object of the present invention to provide a method and 
corresponding devices for the concurrent study and analysis of genetic material of 
subjects suspected of having genetic or pathological injmy resulting from excessive 
exposure to addictive substances or alcohol. Response to pain; stress; gastrointestinal 
function; immune function; reproductive function; and signal transduction are other 
conditions and diseases which are targets of the study of the genetic material as 
described herein. 

It is a further object of the present invention to provide a method as aforesaid that 
examines both RNA and DNA to identify any polymorphisms including single 
nucleotide polymorphisms, and altered levels of gene expression. 

It is a further object of the present invention to provide a method as aforesaid that is a 
method for diagnosing pathology and/or identifying genetic predisposition of a test 
subject toward a particular deleterious condition, including but not limited to 
addiction, response to pain, stress, gastrointestinal function, immune function, 
reproductive function, and signal transduction. 

It is a yet further object of the present invention to provide a method as aforesaid that 
may be used to identify new therapeutic agents by virtue of their ability to modulate 
the incidence of such polymorphisms. 

It is a still further object of the invention to prepare and use a biological array that 
includes all of the various genes associated with neurotransmitter molecules, and 
particularly those associated with addiction and alcohol abuse, for the efficient and 
thorough study of patient tissue and genetic material. Other conditions include 
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response to pain, stress, gastrointestinal function, immune function, reproductive 
function, and signal transduction. 

These and other aspects of the present invention will be better appreciated by 
reference to the following drawings and Detailed Description. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Figure 1 A-B depicts the preparation of target RNA for human Mu opioid receptor 
(hMOR) single nucleotide polymorphism (SNP) identification by hybridization to a 
custom gel pad microarrays. Figure I A shows RNA transcribed in vitro from hMOR 
exon I DN A produced by PGR application of genomic DNA isolated from study 
subjects. A 6% polyacrylamide gel stained with SYBR® green was used. Figure IB 
shows RNA transcripts fragmented in O.IN NaOH at eS'^C. A 20% polyacrylamide 
gel stained with SYBR® green was used. 

Figure 2 shows the identification of the CI 7T SNP of hMOR by hybridization to a 
custom gel pad oligonucleotide microarray. 

Figure 3 shows the identification of the Al 180 SNP of hMOR by hybridization to a 
custom gel pad oligonucleotide microarray. 

Figure 4 sets forth the experimental design for hMOR SNP identification using 
custom gel pad microarrays. 

Figure 5 shows chemical labeling of fragment target RNA with TEXAS RED 
bromoacetamide. 

Figure 6 shows the fluorescence intensity of a custom gel pad microarray following 
hybridization to hMOR exon I target RNA. 
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Figure 7 dq)icts a fluorescence microscopic image of custom gel pad raicroarray 
following hybridization to hMOR exon I target RNA. 

DETAILED DESCRIPTION OF THE INVENTION 

The present invention has as among its objects, the development and use of a facile 
method and corresponding materials for the study of plural genes and other factors 
believed to be affected by addictive agents and alcohol. Particularly, the invention 
contemplates and covers the identification of polymorphism in DNA and/or RNA 
from or associated with these genes or agents, and the corresponding pathological and 
diagnostic and therapeutic infonnation regarding the genes of interest. The invention 
also contemplates the identification of alterations in expression of a plurality of genes, 
and the corresponding pathological and diagnostic and therapeutic information 
regarding the genes of interest. The genes in object are those associated with 
addiction and dependencies such as alcohol dependency, as well as response to pain, 
stress, gastrointestinal function, immune function, reproductive function, and signal 
transduction. 

Accordingly, the present invention proposes to study the entire family of 
neurotransmitter genes and particularly, those associated with addiction and 
dependency, by the disposition of plural DNA and/or RNA fragments or probes in 
multiple arrays for high throughput screening. As stated earlier and as contemplated 
herein, the devices that may be used include the multiple arrays known as DNA chips 
or the like, as set forth in U.S. Patent to Rava et al., discussed earlier and incorporated 
herein by reference. 

Thus, to the extent that the following ternis are used herein, they are intended to have 
the following general meanings: 

Complementary: Refers to the topological compatibility or matching together of 
interacting surfaces of a probe molecule and its target. Thus, the target and its probe 
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can be described as complementary, and furthermore, the contact surface 
characteristics are complementary to each other. 

Probe: A probe is a surface-immobiUzed molecule that can be recognized by a 
particular target. Examples of probes that can be investigated by this invention 
include, but are not restricted to, agonists and antagonists for cell membrane 
receptors, toxins and venoms, viral epitopes, hormones (e.g., opioid peptides, steroids, 
etc.), hormone receptors, peptides, enzymes, enzyme substrates, cofactors. drugs, 
lectins, sugars, oligonucleotides, nucleic acids, oligosaccharides, proteins, and 
monoclonal antibodies. Particular probes of interest herein include DNA and RNA 
derived from genes affected by addictive agents and alcohol, such as those listed 
above and herein. 

Target: A molecule that has an affmity for a given probe. Targets may be naturally- 
occurring or man-made molecules. Also, they can be employed in their unaltered 
state or as aggregates with other species. Targets may be attached, covalently or 
noncovalently, to a binding member, either directly or via a specific binding 
substance. Examples of targets which can be employed by this invention include, but 
arc not restricted to, antibodies, cell membrane receptors, monoclonal antibodies and 
antisera reactive with specific antigenic determinants (such as on viruses, cells or 
other materials), drugs, oligonucleotides, nucleic acids, peptides, cofactors, lectins, 
sugars, polysaccharides, cells, cellular membranes, and organelles. Targets are 
sometimes referred to in the art as anti-probes. As the term "targets" is used herein, 
no difference in meaning is intended. A "Probe Target Pair'' is formed when two 
macromolecules have combined through molecular recognition to form a complex. 

Array: A collection of probes, at least two of which are different, arranged in a 
spatially defined and physically addressable manner. 

Biological Chip: A substrate having a surface to which one or more arrays of probes is 
attached. The substrate can be, merely by way of example, silicon or glass and can 
have the thickness of a glass microscope slide or a glass cover slip. Substrates that are 
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transparent to light are useful when the method of performing an assay on the chip 
involves optical detection. As used herein, the term also refers to a probe array and 
the substrate to which it is attached that form part of a wafer. 

Wafer: A substrate having a surface to which a plurality of probe arrays are attached. 
On a wafer, the arrays are physically separated by a distance of at least about a 
millimeter, so that individual chips can be made by dicing a wafer or otherwise 
physically separating the array into units having a probe array. 

Biological Chip Plate: A device having an array of biological chips in which the probe 
array of each chip is separated from the probe array of other chips by a physical 
barrier resistant to the passage of liquids and forming an area or space, referred to as a 
"test well," capable of containing liquids in contact with the probe array. 

The general class of genes of interest may be identified as neurological markers, and 
particularly, neurotransmitters. Ligand-gated ion channels represent a large, 
cvolutionarily related group of intrinsic membrane proteins that form multisubunit 
complexes and transduce the binding of small agonists into transient openings of ion 
channels. Neurotransmitters bind to these channels externally, causing a change in 
their conformation, allowing ions to cross the membrane and thereby alter the 
membrane potential. The receptors which comprise these channels have an enzyme- 
like specificity for particular ligands (the neurotransmitters) and are characterized by 
their ion selectivities. including permeability to Na+, K+, C1-, etc. Recognized 
neurotransmitters include acetylcholine, dopamine, serotonin, epinephrine, gamma- 
aminobutyrate (GABA), glutamate and glycine, each recognized by distinct receptors. 
The super- family of ligand-gated channels includes the nicotinic acetylcholine 
receptor (nAChR), the serotonin receptor, the GABA receptor, and glutamate 
receptors. 

Neurotransmitters are synthesized in brain neurons and stored in vesicles. Upon a 
nerve impulse, a neurotransmitter is released into the synaptic cleft, where it interacts 
with various postsynaptic receptors. The actions of neurotransmitters, such as 
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acetylcholine and serotonin, are temiinated by three major mechanisms: diffusion; 
metabolism; and uptake back into the synaptic cleft through the actions of membrane 
transporter systems. Thus, the actions of any such neurotransmitter can be 
theoretically modulated by: agents that stimulate or inhibit its biosynthesis; agents 
that block its storage; agents that stimulate or inhibit its release; agents that mimic or 
inhibit its actions at its various postsynaptic receptors; agents that inhibit its uptake 
back into the nerve terminal; and agents that affect its metabolism. 

The acetylcholine receptor (AChR) is divided into two main types, muscarinic and 
nicotinic, based on the fact that the two poisons nicotine (firom tobacco), and 
muscarine (from mushrooms) mimic the effect of acetylcholine on different types of 
receptors. The muscarinic AChR is found on smooth musclCj cardiac muscle, 
endocrine glands and the central nervous system (CNS). The nicotinic AChR 
(nAChR) is located on skeletal muscle, ganglia and the CNS, mediating s>'naptic 
transmission at the neuromuscular junction, in peripheral autonomic ganglia, and in 
the CNS. 

Nicotinic acetylcholine receptors are glycosylated raultisubimit pentaraers. Six 
different types of subunit have been identified - alpha, beta, gamma, sigma, delta and 
epsilon- each of molecular weight 40-60 kDa. The pentamer is made up of different 
combinations of the subunits. The five subunits form a ring which spans the plasma 
membrane of the postsynaptic cell, creating a channel. Within each subunit type, 
distinct subtypes have been identified, including multiple alpha subunits (al- a9) and 
beta subunits (P2-p4) with related but unique sequences (Role and Berg (1996) 
Neuron 16, 1077-1085). The binding of acetylcholine or nicotine to the alpha subunit 
of the receptor induces a confonnational change which allows the influx of sodium 
and calciimi into the cell. The synaptic action of acetylcholine on the receptor is 
terminated by enzymatic cleavage by acetylcholinesterase. 

CNS therapeutic applications for the acetylcholine receptors include cholinometic 
approaches in the treatment of Alzheimer's disease and anticholinergic drugs in the 
treatment of Parkinson*s disease. Nicotinic cholinoceptive dysfunction associated 
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with cognitive impairment is a leading neurochemical feature of the senile dementia 
of the Alzheimer type. For this reason, nicotinic acetylcholine receptors have attracted 
considerable interest as potential therapeutic targets in Alzheimer's disease. Nicotinic 
acetylcholine receptors have also been implicated as potential therapeutic targets in 
other mcmor>', learning and cognitive disorders and deficits, including Lewy Body 
dementia and attention deficit disorder. In addition, the alpha subunit of nAChR has 
been recognized as playing an important role in the etiology of congenital myasthenia 
syndromes and stimulates T cells in patients with auto-immune mediated myasthenia 
gravis (Croxen, R. et al, (1997) Hum Mol Genet 6. Sine, S.M, et al, (1995) 
Neuron 15, 229-239; Kalz-Levy, Y. etal, (1998)/. Neuroimmunol 85, 78-86), 

Located primarily in peripheral and central neurons, serotonin (5-hydroxytryptamine. 
5-HT) receptors appear to be involved in the depolarization of peripheral neurons, 
pain, and the emesis reflex. Potential use of agents acting at this site include migraine, 
anxiety, substance abuse, and cognitive and psychotic disorders. There are at least 
four populations of receptors for serotonin: 5-HTl, 5-HT2, 5-HT3, and 5-HT4. Recent 
cloning studies suggest the existence of 5-HT5, 5-HT6, and 5-HT7 subtypes as well. 
In addition at least five distinct subtypes of the 5-HT2 and three subtypes of the 
5-HT3 receptors exist. Largely due to the complexity of these multiple subtypes, the 
physiological function of each receptor subtype has not been fiilly established. With 
the exception of the 5-HT3 receptor, which is a ligand-gated ion channel related to 
NMDA, GABA and nicotinic receptors, all of the 5-HT receptor subtypes belong to 
the group of G-protein linked receptors. 

Serotonin is implicated in the etiology or treatment of various disorders, including 
anxiety, depression, obsessive-compulsive disorder, schizophrenia, stroke, obesity, 
pain, hypertension, vascular disorders, migraine, and nausea, 5-HT is synthesized in 
situ from tryptophan through the actions of the enzymes tryptophan hydroxylase and 
aromatic L-amino acid decarboxylase. Both dietary and endogenous 5-HT are rapidly 
metabolized and inactivated by monoamine oxidase and aldehyde dehydrogenase to 
the major metabolite, 5-hydroxyindoleacetic acid (5-HlAA). The major mechanism 
by which the action of serotonin is terminated is by uptake through presynaptic 
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membranes. After 5-HT acts on its various postsynaptic receptors, it is removed from 
the synaptic cleft back into the nerve terminal through an uptake mechanism 
involving a specific membrane transporter in a manner similar to that of other 
biogenic amines. Agents that selectively inhibit this uptake increase the concentration 
of 5-HT at the postsynaptic receptors and have been found to be quite useftil in 
treating various psychiatric disorders, particularly depression. Selective 5-HT 
reuptake inhibitors (SSRIs) have been investigated as potential antidepressants with 
the anticipation that these agents would possess fewer side effects, such as 
anticholinergic actions and cardiotoxicity, and would be less likely to cause sedation 
and weight gain. 

Three selective 5-HT uptake inhibitors, have more recently been introduced on the 
U.S. market, Fluoxetine (Prozac), sertraline (Zoloft), and paroxetine (Paxil) and have 
gained immediate acceptance, each listed among the top 200 prescription drugs. 

In addition to treating depression, several other potential therapeutic applications for 
SSRIs have been investigated. They include treatment of Alzheimer's disease; 
modulation of aggressive behavior, treatment of premenstrual syndrome, diabetic 
neuropathy, and chronic pain; and suppression of alcohol intake. Also significant is 
the observation that 5-HT reduces food consumption by increasing meal-induced 
satiety and reducing hunger, thus, there is interest in the possible use of SSRIs in the 
treatment of obesity. 

5-HT3 receptors have been proposed to play a major role in the physiology of emesis. 
These receptors are found in high concentrations peripherally in the gut and centrally 
in the cortical and limbic regions and in or near the chemoreceptor trigger zone, and 
have been implicated in the vomiting reflex induced by serotonin as a result of 
chemotherapy. Two 5-HT3 receptor antagonists, ondansetron (zofran) and 
granisetron (Kytril), have been marketed to treat nausea associated with radiation and 
chemotherapy in cancer patients. 
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Several family, twin, and adoption studies provide evidence for heritable 
contributions to drug and alcohol dependency, althou^ little is known about specific 
underlying hereditary factors which might influence individual susceptibility to the 
addictive properties of these substances [5-9] Recent familial and twin studies have 
reported that both common and distinct heritable factors account for the genetic 
variance in the susceptibility to the separate addictive diseases, Le, that both shared 
and independent causative factors contribute to the development of each separate type 
of substance dependence [9-12]. Moreover, in a study of 3372 male twin pairs, 
Tsuang and colleagues [9,10] found that heroin abuse had the largest amount of 
unique genetic variance (38%) and the least amount of shared genetic variance (16%) 
of any of the other abused drugs studied (marijuana, stimulants, sedatives, 
psychedelics). 

Animal studies also provide evidence for a genetic contribution to the addictive 
diseases. Different strains of rodents have been shown to have differences in their . 
responses to opioids, cocaine and alcohol in models which study self-administration, 
reinforcement, and tolerance, each of which may have potential implications for the 
susceptibility to develop drug addiction in humans, [e.g. 13-17]. 

Many studies over the past thirty years have shown that opioids, cocaine and alcohol 
disrupt physiologic systems, and that these disruptions may contribute to drug 
addiction and alcohol dependence and to relapse to drug or alcohol abuse following 
withdrawal and abstinence. It is hypothesized herein that polymorphism exists in 
genes involved in the biological responses to heroin, cocaine, and alcohol, and that 
some of these polymorphisms will result in variant forms of the proteins they encode. 
Further, some of the individual variations in responses to acute or chronic exposure 
to, or withdrawal from, heroin, cocaine, and alcohol may be mediated, in part, by 
variant allelic forms of these genes. Moreover, other heretofore undefined genes may 
be involved in the development and persistence of addiction and in relapse, and that 
these genes may be identified by using genomic scans of sib pairs rigorously 
characterized with respect to the addictive diseases and related comorbid conditions. 



-16- 



wo 00/77261 



PCTAJSOO/16706 



From the foregoing, it can be appreciated that a broad physiological and pathological 
range and effect is commanded by these molecules. As noted earlier, the present 
invention is applicable to the synthesis and study of any of the molecules included 
within these classes, however, focuses its primary attention on the molecules referred 
to earlier and discussed in detail below. 

Accordingly and as stated above, the genes in question are found among the following 
neurotransmitters: the opioid system* such as, the kappa opioid receptor and 
prcprodynorphin, the mu receptor, the delta receptor, preproenkephalin, the opioid- 
like receptor (OLRl) and orphanin FQ/ (nociceptin), corticotrophin releasing factor 
and the corticotrophin releasing factor receptor type I, prcproopiomelanocortin, and 
related peptide ligands; the dopaminergic system, including Dopaminergic receptors 
D1-D5. the dopamine transporter; the serotonin system, including serotonin and 
melatonin, their particular metabolic and synthetic interrelation, and 15 serotonin 
receptors, and the serotonin transporter; the norepinephrin receptor, and related 
molecules, and signal transducers, such as adenylyl cyclase and DARPP-32. 

More particularly, the following genes will be studied with a view to the examination 
of particular polymorphisms, as follows; 

The kappa opioid receptor eene (KOR). The coding region of the KOR gene has been 
shown to be dispersed in three exons of 264, 352 and 533 bp in length [18,19]. The 
intron sequences flanking the 3' end of exon 2 is available in GenBank (Accession # 
U16860). The rest of the intron sequences flanking exon 2 and exon 3 have been 
examined, and have provided the infonnation necessary to design primers for PCR 
amplification of exons 2 and 3. The sequences flanking exon 1 may be obtained by 
inverse PCR. Nested primers will be used for manual and automated sequencing of 
exon 1, 2 and 3. 

The preprodvnorphin gene (ppDyn). DNA of this gene may be analyzed for 
polymorphisms in and around exons 1, 3 and 4 of the ppDyn gene (exon 2 contains 
only 5' untranslated sequence). Translation starts in exon 3 and ends in exon 4, which 
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encodes the opioid peptides. The nucleotide sequence of the exons and flanking intron 
sequences arc available in GenBank (accession ## X00175, X0177). Primers 
completely flanking exons 1 and 3 may be used for determination of sequence in 
those exons, and primers downstream of the exon 4 border together with primers in 
the 3 * untranslated region of exon 4 may be used for determination of sequence in 
exon 4. 

The opioid receptor-like receptor (ORLl). The primary structure of the gene has been 
reported [21]. The coding region of the receptor is interrupted by a single short 120 bp 
intron. The pubHshed sequences flanking the coding regions of ORLl will be used to 
design PGR and sequencing primers. 

The orphanin FO gene (prepronociceptin). The orphanin FQ gene is composed of 4 
exons [22]. Translation starts in exon 2 and the biologically active heptadecapeptide is 
encoded in exon 3. The sequences flanking exons 2 and 3 will be used for PGR and 
sequencing primer design. 

The preproenkephalin gene (ppENK). The ppENK gene and cDNA sequences have 
been published [23,24]. The ppENK gene consists of 3 exons. The opioid peptides 
are located in exon 3. Primers completely flanking exon 2 may be used for 
determination of sequence in that exon, and primers downstream of the exon 3 border 
together with primers in the 3 ' untranslated region of exon 3 may be used for 
determination of sequence in exon 3. 

The corticot ropin releasing factor gene (CRF). The CRF gene structure has been 
published [25]. The CRF gene consists of two exons. with all the uninterrupted 
sequence of the CRF precursor (196 amino acid) in exon 2. A primer flanking exon 2 
upstream of the intron/exon border may be used, and the same primer in the 3* 
untranslated region used to generate the fragment shown in Fig. U lane d, for 
determination of significant sequence from the CRF gene. 
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The corticotropin releasing Factor receptor, tvpel gene (CRF-RH. A cDNA sequence 
encoding the 415 amino acid human CRP-Rl protein has been reported [26,27]. The 
genomic structure is apparently not yet publicly known. However, there is an 
apparently alternatively spliced form of the CRFRl mRNA in which 29 amino acids 
are inserted into the first intracellular loop. The site of the insertion indicates the 
position of a putative intron. In order to obtain the intron sequences, we will use PCR 
amplification of human genomic DNA with primers flanking the insert in CRF-Rl. 
Sequencing of this putative intron region will enable us to design PCR and 
sequencing primers for the coding region of CRF-Rl. To define the intron/exon 
structure of the rest of the gene overlapping sets of primer pairs will be designed 
which amplify short sections(-'200 bp) of the coding region. Genomic DNA will be 
amplified using these primer sets and products will be analyzed for amplicons of the 
predicted length. If longer fi-agments than expected are produced, or if intron 
sequences are present that are too long to successfully amplify, this will indicate the 
approximate position of introns. Exact intron/exon boundaries will then be determined 
by inverse PCR as described [171]. 

The preproopiomelanocortin gene (POMC). The gene and cDNA structure of POMC 
have been reported [28-30]. The POMC gene consists of 3 exons. The coding regions 
for the biologically active peptides, ACTH and beta-lipotropin, and their smaller 
derivatives, alpha-melanotropin, beta-melanotropin and beta-endorphin, are located in 
exon 3. 

As stated earlier, this invention provides automated methods for concurrently 
processing multiple biological chip assays. Currently available methods utilize each 
biological chip assay individually. The methods of this invention allow many tests to 
be set up and processed together. Because they allow much higher throughput of test 
samples, these methods greatly improve the efficiency of performing assays on 
biological chips. It should be noted that the method for determining the expression of 
a plurality of neurotransmitter genes or the method for determining the presence of 
polymorphisms in a plurality of neurotransmitter genes for the various purposes 
herein are not limited to any particular methods. While the use of a multiple 
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biological chip is a preferred embodiment, including the use of a gel pad array, and 
the methods of detection using the chips herein of hybridization or single nucleotide 
extension are preferred methods, the invention embraces any and all methods for the 
determination of plural genes or gene expression products. Such preferred methods 
are described in Khrapko KR, Lysov YP, Khorlin A, Shick W, Florentiev VL, 
Mirzabekov AD. 1989. An oUgonucleotide hybridization approach to DNA 
sequencing. FEBS Lett 256:118-122; Khrapko KR, Lysov YP, Khorlin AA, Ivanov 
I,B Yershov GM, Vasilenko SL, Florentiev V. Mirzabekov AD. 1991, A method for 
DNA sequencing by hybridization with oligonucleotide matrix. J DNA sequencing 1: 
375-388; Fodor SPA, Read JL, Pirrung MC, Stryer L, Lu AT, Solas, D, 1991, Light 
directed, spatially addressable parallel chemical synthesis. Science 251:776-773; 
Southern EM. Maskos U, Elder JK, 1992, Analyzing and comparing nucleic acid 
sequences by hybridization to arrays of oligonucleotides: evaluation using 
experimental models. Genomics 13:1008-1017; Chee M, Yang R, Hubbell E, Bemo 
A. Huang XC, Stem D, Winkler J, Lockhart DJ. Morris MS, Fodor SPA. 1996. 
Accessing genetic information with high-density DNA arrays. Science 274:610-614; 
Hacia JG, Brody LC, Chee MS, Fodor SPA. Collins F. 1996. Detection of 
heterozygous mutations in BCRAl using high density oligonucleotide arrays and two 
colour florescence analysis. Nature Genet 14:44-447; Yershov G, Barsky V, 
Belgovskiy A, Kirillov E, Kreindlin E, Ivanov I, Parinov S, Guschin D, Drobishev A, 
Dubiley S. Mirzabekov A. 1996. DNA Analysis and diagnostics on oligonucleotide 
microchips. Proc Natl Acad Sci USA 93:4913-4918; Shick W Lebed YB. Kryukov 
GV. 1998. Identification of HLA DQAl alleles by the oUgonucleotide microchip 
method. Mol Biol 32:697-688. Translated from Molekulyama Biologiya 32:813-822; 
Wang DG, Fan J-B, Siao C-J, Bemo A, Young P. Sapolsky R, Ghandour G. Perkins 
N, Winchester E, Spencer J, Kruglyak L, Stein L, Hsie L, Topaloglou T, Hubbell E. 
Robinson E, Mittmann M, Morris MS, Shen N, Kilbum D, Rioux J, Nusbaum C, 
Rozen S, Hudson TJ, Lipschutz R. Chee M, Lander ES. 1998 Large scale 
identification, mapping and genotyping of single-nucleotide polymorphisms in the 
human genome. Science 280:1077-1082; Halushka MK, Fan J-B, Bentley K, Hsie L. 
Shen N, Weder A. Cooper R, LipshuU R, Chakravarti A. 1999. Patterns of single- 
nucleotide polymorphisms in candidate genes for blood pressure homeostasis. Nature 
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Genet 22:239-247; Cargill M. Altschuler D. Ireland J. Sklar P. Ardlie K, Patil N, Lane 
CR, Lim EP, Kalyanaraman N, Nemesh J, Ziaugra L, Friedland L, Rolfe A, 
Warrington J. Lipshutz R, Daley GQ. Lander ES. 1999. Characterization of single 
nucleotide polymorphisms in coding regions of human genes. Nature genet 22;231- 
238; Parinov S, Barsky V, Yershov G, Kirillov E, Timofeev E, Belgovskiy A, 
Mirzabekov A. 1996. DNA sequencmg by hybridization to microchip octa- and 
decanucleotides extended by stacked pentanucleotides. Nucleic Acids Res 24:2998- 
3004; Guschin D, Yershof G» Zaslavsky A, Gemmell A, Shick V, Proudnikov V, 
Arenkov P, Mirzabekov A. 1997. Manual manufacturing of oligonucleotide, DNA 
and protein microchips. Anal Biochem 250:203-21 1; Drobyshev A, Mologina M. 
Shik V, Pobedimskaya D, Yershov G, Mirzabekov A. 1997. Sequence analysis by 
hybridization with oligonucleotide microchip: Identification of b-thalassemia 
mutations. Gene 188:45-52; S>'vanen A-C, Aalto-Setala K, Haiju L, Kontula K, 
S0deriund H. 1990. A primer-guided nucleotide incorporation assay in the 
genotyping of apolipoprotein E. Genomics 8:684-692; Pastinen T, Kurg A, Metspalu 
A, Peltonen L, SyvSnen A-C. 1997. Minisequencing: A specific tool for DNA 
analysis and diagnostics on oligonucleotide arrays. Genome res 7:606-614; Pastinen 
T, Perola M, Niini P. TerwiUiger J. Salomaa V. Vartiainen E, Peltonen L. Syvanen A- 
C. 1998. Array-based multiplex analysis of candidate gene reveals two independent 
and additive genetic risk factors for myocardial infarction in the Finnish population. 
Hum Mol Genet 7:1453-1462; Dubiley S, Kirillov E, Miraabekov A. 1999. 
Polymorphism analysis and gene detection by minisequencing on an array of 
gel-immobilized primers. Nucleic Acids Res 27:el9; and SyvSnen A-C. 1999. From 
gels to chips: "Minisequencing" primer extension analysis of point mutations and 
single nucleotide polymorphisms. Hum Mutat 13:1-10. However, as noted above, it 
is not limited to any particular method. The following discussion pertains to one such 
embodiment, the use of the multiple biological chip array. 

In the methods of this invention, a biological chip plate is provided having a plurality 
of test wells. Each test well includes a biological chip. Test samples, which may 
contain target molecules, are introduced into the test wells. A fluid handling device 
exposes the test wells to a chosen set of reaction conditions by, for example, adding or 
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removing fluid from the wells, maintaining the liquid in the wells at predetermined 
temperatures, and agitating the wells as required, thereby performing the test. Then, a 
biological chip reader interrogates the probe arrays m the test wells, thereby obtaining 
the results of the tests. - A computer having an appropriate program can further 
analyze the results from the tests. 

Individual chips may have attached to them a plurality of probes, the probes in turn 
prepared by the following exemplary protocol. Thus, sequences flanking coding 
regions of human receptor and prepropeptide genes may be used to design PGR 
primers for use in the amplification. Optimal forward and reverse primers are selected 
with the aid of the primer analysis software, Oligo 4.1 (National Biosciences, MN). 
We will use step-down PGR [170], which will add specificity during those cycles 
above the melting temperature (T„) of an oligonucleotide duplex, as well as enhanced 
efficiency during those cycles below the T„, to simultaneously increase both product 
yield and homogeneity. Preliminary optimization of annealing temperature and PGR 
cycling is performed using the Eppendorf Mastercycler Gradient. PGR amplification 
is carried out in 50 to 100 \i\ reactions with 200 ng genomic DNA, 20 pmol of each 
primer, 200 mM of each dNTP, 50 mM KGl, 10 mM Tris-HGl (pH 8.3), 1.5 mM 
MgGii, and 2.5 U Taq polymerase. Samples are cycled 30 sec at 94°G, with annealing 
for 45 sec at a variable (step-down) or a fixed temperature, then elongation for 30 sec 
at 72**G, followed by a final elongation period of 5 min at 72^C. PGR products are 
analyzed by electrophoresis in agarose gels and visualized by ethidium bromide 
staining. Single band PGR products are purified by QIAquick PGR purification Kit 
(Qiagen); if there is more than one fragment, the correct fragment is isolated from the 
gel and purified by QIAquick Gel Extraction Kit (Qiagen). 

Further, an exemplary system includes a biological chip plate reader, a fluid handling 
device, a biological chip plate and, optionally, a computer. In operation, samples are 
placed in wells on the chip plate with fluid handling device. The plate optionally can 
be moved with a stage translation device. The reader is used to identify where targets 
in the wells have bound to complementary probes. The system operates under control 
of computer which may optionally interpret the results of the assay. 
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A. Biological Chip Plate Reader 

In assays performed on biological chips, detectably labeled target molecules bind to 
probe molecules. Readmg the results of an assay involves detecting a signal produced 
by the detectable label. Reading assays on a biological chip plate requires a biological 
chip reader. Accordingly, locations at which target(s) bind with complementary 
probes can be identified by detecting the location of the label. Through knowledge of 
the characteristics/sequence of the probe versus location, characteristics of the target 
can be determined. The nature of the biological chip reader depends upon the 
particular type of label attached to the target molecules. 

The interaction between targets and probes can be characterized in terms of kinetics 
and thermodynamics. As such, it may be necessary to interrogate the array while in 
contact with a solution of labeled targets. In such systems, the detection system must 
be extremely selective, vnth the capacity to discriminate between surface-bound and 
solution-bom targets. Also, in order to perform a quantitative analysis, the high- 
density of the probe sequences requires the system to have the capacity to distinguish 
between each feature site. The system also should have sensitivity to low signal and a 
large dynamic range. 

In one embodiment, the chip plate reader includes a confocal detection device having 
a monochromatic or polychromatic light source, a focusing system for directing an 
excitation light from the light source to the substrate, a temperature controller for 
controlling the substrate temperature during a reaction, and a detector for detecting 
fluorescence emitted by the targets in response to the excitation light. The detector for 
detecting the fluorescent emissions from the substrate, in some embodiments, includes 
a photomultiplicr tube. The location to which light is directed may be controlled by. 
for example, an x-y-z translation table. Translation of the x-y-z table, temperature 
control, and data collection are managed and recorded by an ^ropriately 
programmed digital computer. 
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FIG. 2 of U.S. Patent No. 5,545,531, illustrates a reader according to one specific 
embodiment. The chip plate reader comprises a body 200 for immobilizing the 
biological chip plate. Excitation radiation, from an excitation source 210 having a first 
wavelength, passes through excitation optics 220 from below the array. The light 
passes through the chip plate since it is transparent to at least this wavelength of light. 
The excitation radiation excites a region of a probe array on the biological chip plate 
230. In response, labeled material on the sample emits radiation which has a 
wavelength that is different from the excitation wavelength. Collection optics 240, 
also below the array, then collect the emission from the sample and image it onto a 
detector 250, which can house a CCD array, as described below. The detector 
generates a signal proportional to the amount of radiation sensed thereon. The signals 
can be assembled to represent an image associated with the plurality of regions from 
which the emission originated. 

According to one embodiment, a multi-axis translation stage 260 moves the biological 
chip plate to position different wells to be scanned, and to allow different probe 
portions of a probe array to be interrogated. As a result, a 2-dimensional image of the 
probe arrays in each well is obtained. 

The biological chip reader can include auto-focusing feature to maintain the sample in 
the focal plane of the excitation light throughout the scanning process. Further, a 
temperature controller may be employed to maintain the sample at a specific 
temperature while it is being scanned. The multi-axis translation stage, temperamre 
controller, auto- focusing feature, and electronics associated with imaging and data 
collection are managed by an appropriately programmed digital computer 270. 

In one embodiment, a beam is focused onto a spot of about 2 jim in diameter on the 
surface of the plate using, for example, the objective lens of a microscope or other 
optical means to control beam diameter. 

In another embodiment, fluorescent probes are employed in combination with CCD 
imaging systems. In many commercially available microplate readers, typically the 
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light source is placed above a well, and a photodiode detector is below the well. In the 
present invention, the light source can be replaced with a higher power lamp or laser. 
In one embodiment, the standard absorption geometry is used, but the photodiode 
detector is replaced with a CCD camera and imaging optics to allow rapid imaging of 
the well. A series of Raman holographic or notch filters can be used in the optical path 
to eliminate the excitation light while allowing the emission to pass to the detector. In 
a variation of this method, a fiber optic imaging bundle is utilized to bring the light to 
the CCD detector. In another embodiment, the laser is placed below the biological 
chip plate and light directed through the transparent wafer or base that forms the 
bottom of the biological chip plate. In another embodiment, the CCD array is built 
into the wafer of the biological chip plate. 

In another embodiment, the detection device comprises a line scanner, as described in 
U.S. patent application Ser. No. 08/301,051, filed Sep. 2, 1994, incorporated herein 
by reference. Excitation optics focuses excitation light to a line at a sample, 
simultaneously scaiming or imaging a strip of the sample. Surface bound labeled 
targets firom the sample fluoresce in response to the light. Collection optics image the 
emission onto a linear array of light detectors. By employing confocal techniques, 
substantially only emission firom the light's focal plane is imaged. Once a strip has 
been scanned, the data representing the 1 -dimensional image are stored in the memory 
of a computer. According to one embodiment, a multi-axis translation stage moves the 
device at a constant velocity to continuously integrate and process data. Alternatively, 
galvometric scarmers or rotating polyhedral mirrors may be employed to scan the 
excitation light across the sample. As a result, a 2-dimensional image of the sample is 
obtained. 

In another embodiment, collection optics direct the emission to a spectrograph which 
images an emission spectrum onto a 2-dimensional array of light detectors. By using a 
spectrograph, a fiill spectrally resolved image of the sample is obtained. 

The read time for a fiill microtiter plate will depend on the photophysics of the 
fluorophore (i.e. fluorescence quantum yield and photodestruction yield) as well as 
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the sensitivity of the detector. For fluorescein, sufEcient signal-to-noise to read a chip 
image with a CCD detector can he obtained in about 30 seconds using 3 mW/cm^ and 
488 nm excitation from an Ar ion laser or lamp. By increasing the laser power, and 
switching to dyes such as CY3 or CY5 which have lower photodesniiction yields and 
whose emission more closely matches the sensitivity maximum of the CCD detector, 
one easily is able to read each well in less than 5 seconds. Thus, an entire plate could 
be examined quantitatively in less than 10 minutes, even if the whole plate has over 
4,5 million probes. 

A computer can transform the data into another format for presentation. Data analysis 
can include the steps of determining, e.g., fluorescenl intensity as a function of 
substrate position from the data collected, remo\ing "outliers" (data deviating from a 
predetermined statistical distribution), and calculating the relative binding affinity of 
the targets from the remaining data. The resulting data can be displayed as an image 
with color in each region varying according to the light emission or binding affinity 
between targets and probes therein. 

One application of this system when coupled with the CCD imaging system that 
speeds performance of the tests is to obtain results of the assay by examining the on- 
or off-rates of the hybridization. In one embodiment of this method, the amount of 
binding at each address is determined at several time points after the probes are 
contacted with the sample. The amount of total hybridization can be determined as a 
function of the kinetics of binding based on the amoimt of binding at each time point. 
Thus, it is not necessary to wait for equilibrium to be reached. The dependence of the 
hybridization rate for different oligonucleotides on temperature, sample agitation, 
washing conditions (e.g. pH, solvent characteristics, temperature) can easily be 
determined in order to maximize the conditions for rate and signal-to-noise. 
Alternative methods are described in Fodor et al.. U.S. Pat. No. 5,324,633, 
incorporated herein by reference. 

Assays on biological arrays generally include contacting a probe array with a sample 
under the selected reaction conditions, optionally washing the well to remove 
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unrcacted molecules, and analyzing the biological array for evidence of reaction 
between target molecules the probes. These steps involve handling fluids. The 
methods of this invention automate these steps so as to allow multiple assays to be 
performed concurrently. Accordingly, this invention employs automated fluid 
handling systems for concurrently performing the assay steps in each of the test wells. 
Fluid handling allows uniform treatment of samples in the wells. Microtiter robotic 
and fluid-handling devices are available commercially, for example, from Tecan AG. 

The plate is introduced into a holder in the fluid-handling device. This robotic device 
is programmed to set appropriate reaction conditions, such as temperature, add 
samples to the test wells, incubate the test samples for an appropriate time, remove 
unreactcd samples, wash the wells, add substrates as appropriate and perform 
detection assays. The particulars of the reaction conditions depends upon the purpose 
of the assay. For example, in a sequencing assay involving DNA hybridization, 
standard hybridization conditions are chosen. However, the assay may involve testing 
whether a sample contains target molecules that react to a probe under a specified set 
of reaction conditions. In this case, the reaction conditions are chosen accordingly. 

FIG. 3 of Rava et al. depicts an example of a biological chip plate that may be used in 
the methods of this invention based on the standard 96-well microtiter plate in which 
the chips are located at the bottom of the wells. Biological chip plates include a 
plurality of test wells 3 10, each test well defming an area or space for the introduction 
of a sample, and each test well comprising a biological chip 320, i.e., a substrate and a 
surface to which an array of probes is attached, the probes being exposed to the space. 
FIG. 7 shows a top-down view of a well of a biological chip plate of this invention 
containing a biological chip on the bottom surface of the well. 

This invention contemplates a number of embodiments of the biological chip plate. In 
a preferred embodiment, depicted in FIG. 4, the biological chip plate includes two 
parts. One part is a wafer 410 that includes a plurality of biological arrays 420. The 
other part is the body of the plate 430 that contains charmels 440 that form the walls 
of the well, but that are open at the bottom. The body is attached to the surface of the 
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wafer so as to close one end of the channels, thereby creating wells. The walls of the 
channels are placed on the wafer so that each surrounds and encloses the probe array 
of a biological array. FIG. 5 depicts a cross-section of this embodiment, showing the 
wafer 510 havbg a substrate 520 (preferably transparent to light) and a surface 530 to 
which is attached an array of probes 540. A channel wall 550 covers a probe array on 
the wafer, thereby creating well spaces 560. The wafer can be attached to the body by 
any attachment means known in the art. for example, gluing (e.g.. by ultraviolet- 
curing epoxy or various sticking tapes), acoustic welding, sealing such as vacuum or 
suction sealing, or even by relying on the weight of the body on the wafer to resist the 
flow of fluids between test wells. 

In another preferred embodiment, depicted in cross section in FIG. 6, the plates 
include a body 610 having preformed wells 620, usually flat-bottomed. Individual 
biological chips 630 are attached to the bottom of the wells so that the surface 
containing the array of probes 640 is exposed to the well space where the sample is to 
be placed. 

In another embodiment, the biological chip plate has a wafer having a plurality of 
probe arrays and a material resistant to the flow of a liquid sample that surrounds each 
probe array. For example, in an embodiment useful for testing aqueous-based 
samples, the wafer can be scored with waxes, tapes or other hydrophobic materials in 
the spaces between the arrays, forming cells that act as test wells. The cells thus 
contain liquid applied to an array by resisting spillage over the barrier and into 
another cell. If the sample contains a non-aqueous solvent, such as an alcohol, the 
material is selected to be resistant to corrosion by the solvent 

The microplates of this invention have a plurality of test wells that can be arrayed in a 
variety of ways. In one embodiment, the plates have the general size and shape of 
standard-sized microtiter plates having 96 wells arranged in an 8^12 fomiat. One 
advantage of tliis format is that instrumentation aheady exists for handling and 
reading assays on microtiter plates. Therefore, usmg such plates in biological chip 
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assays does not involve extensive re-engineering of commercially available fluid 
handling devices. However, the plates can have other formats as well. 

The material from which the body of the biological chip plate is made depends upon 
the use to which it is to be put. In particular, this invention contemplates a variety of 
polymers already used for microtiter plates including, for example, 
(poly)tetrafluoroethylene, (poly)vinylidenedi fluoride, polypropylene, polystyrene, 
polycarbonate, or combinations thereof When the assay is to be performed by 
sending an excitation beam through the bottom of the plate collecting data through the 
bottom of the plate, the body of the plate and the substrate of the chip should be 
transparent to the wavelengths of light being used. 

The arrangement of probe arrays in the wells of a microplate depends on the particular 
application contemplated. For example, for diagnostic uses involving performing the 
same test on many samples, every well can have the same array of probes. If several 
different tests are to be performed on each sample, each row of the plate can have the 
same array of probes and each column can contain a different array. Samples from a 
single patient are introduced into the wells of a particular column. Samples from a 
different patient are introduced into the wells of a different coliunn. In still another 
embodiment, multiple patient samples are introduced into a single well. If a well 
indicates a "positive" result for a particular characteristic, the samples from each 
patient are then rerun, each in a different well, to detemiine which patient sample gave 
a positive result. 

The biological chip plates used in the methods of this invention include biological 
chips. The array of probe sequences can be fabricated on the biological chip according 
to the pioneering techniques disclosed in U.S. Pat. No. 5.143,854, PCT WO 
92/10092, PCT WO 90/15070. or U.S. appHcation Ser. Nos. 08/249.188, 07/624,120, 
and 08/082,937, incorporated herein by reference for all purposes. The combination of 
photolithographic and fabrication techniques may, for example, enable each probe 
sequence ("feature") to occupy a very small area ("site" or "location") on the support. 
In some embodiments, this feamre site may be as small as a few microns or even a 
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single molecule. For example, a probe array of 0.25 mm' (about the size that would fit 
in a well of a typical 96-well microtiter plate) could have at least 10, 100, 1000, 10*, 
10' or 10* features. In an alternative embodiment, such synthesis is performed 
according to the mechanical techniques disclosed in U.S. Pat. No. 5,384,261, 
incorporated herein by reference. 

Referring to FIG. 8, in general, linker molecules, O — ^X, are provided on a substrate. 
The substrate is preferably flat but may take on a variety of alternative surface 
configurations. For example, the substrate may contain raised or depressed regions on 
which the probes are located. The substrate and its surface preferably form a rigid 
support on which the sample can be formed. The substrate and its surface are also 
chosen to provide appropriate light-absorbing characteristics. For instance, the 
substrate may be funciionalized glass, Si, Ge, GaAs, GaP, Si02, SiN4, modified 
silicon, or any one of a wide variety of gels or polymers such as 
(poly)tetrafluoroethylene, (Poly)vinylidenedifluoride, polystyrene, polycarbonate, 
polypropylene, or combinations thereof. Other substrate materials will be readily 
apparent to those of skill in the art upon review of this disclosure. In a preferred 
embodiment the substrate is flat glass or silica. 

Surfaces on the solid substrate usually, though not always, are composed of the same 
material as the substrate. Thus, the surface may be composed of any of a wide variety 
of materials, for example, polymers, plastics, resins, polysaccharides, silica or silica- 
based materials, carbon, metals, inorganic glasses, membranes, or any of the above- 
listed substrate materials. In one embodiment, the surface will be optically transparent 
and will have surface Si — OH functionalities, such as those fotmd on silica surfaces. 

A terminal end of the linker molecules is provided with a reactive functional group 
protected with a photoremovable protective group, 0 — X. Using lithographic 
methods, the photoremovable protective group is exposed to light, hv, through a 
mask, Mj, that exposes a selected portion of the surface, and removed from the linker 
molecules in first selected regions. The substrate is then washed or other\vise 
contacted with a first monomer that reacts with exposed functional groups on the 
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linker molecules (T — X). In the case of nucleic acids, the monomer can be a 
phosphoramidite activated nucleoside protected at the 5 '-hydroxyl with a photolabile 
protecting group. 

A second set of selected regions, thereafter, exposed to light through a mask, M^, and 
photorcmovablc protective group on the linker molecule/protected amino acid or 
nucleotide is removed at the second set of regions. The substrate is then contacted 
with a second monomer containing a photoremovable protective group for reaction 
with exposed functional groups. This process is repeated to selectively apply 
monomers until polymers of a desired length and desired chemical sequence are 
obtained. Photolabile groups are then optionally removed and the sequence is, 
thereafter, optionally capped. Side chain protective groups, if present, are also 
removed. 

The general process of synthesizing probes by removing protective groups by 
exposure to light, coupling monomer units to the exposed active sites, and capping 
unreacted sites is referred to herein as "light-directed probe synthesis." If the probe is 
an oligonucleotide, the process is referred to as "light-directed oligonucleotide 
synthesis" and so forth. 

The probes can be made of any molecules whose synthesis involves sequential 
addition of units. This includes polymers composed of a series of attached units and 
molecules bearing a common skeleton to which various functional groups are added. 
Polymers useful as probes in this invention include, for example, both linear and 
cyclic polymers of nucleic acids, polysaccharides, phospholipids, and peptides having 
either a-, P-, or ©-amino acids, heteropolyraers in which a known drug is covalently 
bound to any of the above, polyurethanes, polyesters, polycarbonates, polyureas, 
polyamides, polyethyleneimines, polyarylene sulfides, polysiloxanes, polyimides, ' 
polyacetates, or other polymers which will be apparent upon review of this disclosure. 
Molecules bearing a common skeleton include benzodiazepines and other small 
molecules, such as described in U.S. Pat. No. 5,288,514, incorporated herein by 
reference. 
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Preferably, probes are arrayed on a chip in addressable rows and columns in which the 
dimensions of the chip conform to the dimension of the plate test well. Technologies 
already have been developed to read information from such arrays. The amount of 
information that can be stored on each plate of chips depends on the lithographic 
density which is used to synthesize the wafer. For example, if each feature size is 
about 100 microns on a side, each array can have about 10,000 probe addresses in a 1 
cm^area. A plate having 96 wells would contain about 192,000 probes. However, if 
the arrays have a feature size of 20 microns on a side, each array can have close to 
50,000 probes and the plate would have over 4,800,000 probes. 

The selection of probes and their organization in an array depends upon the use to 
which the biological chip will be put. In one embodiment, the chips are used to 
sequence or re-sequence nucleic acid molecules, or compare their sequence to a 
referent molecule. Re-sequencing nucleic acid molecules involves determining 
whether a particular molecule has any deviations from the sequence of reference 
molecule. For example, in one embodiment, the plates are used to identify in a 
particular type of HIV in a set of patient samples. Tiling strategies for sequence 
checking of nucleic acids are described in U.S. patent application Sen No. 08/284,064 
(PCT/US94/12305), incorporated herein by reference. 

In typical diagnostic applications, a solution containing one or more targets to be 
identified (i.e., samples from patients) contacts the probe array. The targets will bind 
or hybridize with complementary probe sequences. Accordingly, the probes will be 
selected to have sequences directed to (i.e., having at least some complementarity 
with) the target sequences to be detected, e.g., human or pathogen sequences. 
Generally, the targets are tagged with a detectable label. The detectable label can be. 
for example, a luminescent label, a light scattering label or a radioactive label. 
Accordingly, locations at which targets hybridize with complimentary probes can be 
identified by locating the markers. Based on the locations where hybridization occurs, 
information regarding the target sequences can be extracted. The existence of a 
mutation may be determined by comparing the target sequence with the wild type. 
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In a preferred embodimeat, the delectable label is a luminescent label. Useful 
luminescent labels include fluorescent labels, chemi-luminescent labels, bio- 
luminescent labels, and colorimetric labels, among others. Most preferably, the label 
is a fluorescent label such as fluorescein, rhodamine, cyanine and so forth. 
Fluorescent labels include, inter alia, the commercially available fluorescein 
phosphoramidites such as Fluoreprime (Pharmacia), Fluoredite (Millipore) and FAM 
(ABI). For example, the entire surface of the substrate is exposed to the activated 
fluorescent phosphoramidite, which reacts with all of the deprotected 5'-hydroxyl 
groups. Then the entire substrate is exposed to an alkaline solution (eg., 50% 
ethylenediamine in eihanol for 1-2 hours at room temperature). This is necessary to 
remove the protecting groups from the fluorescein tag. 

To avoid self-quenching interactions between fluorophores on the surface of a 
biological chip, the fluorescent tag monomer should be diluted with a non-fluorescent 
analog of equivalent reactivity. For example, in the case of the fluorescein 
phosphoramidites noted above, a 1:20 dilution of the reagent with a non-fluorescent 
phosphoramidite such as the standard 5 '-DMT-nucleoside phosphoramidites, has been 
found to be suitable. Correction for background non-specific binding of the 
fluorescent reagent and other such effects can be determined by routine testing. 

Useful light scattering labels include large colloids, and especially the metal colloids 
such as those from gold, selenium and titanium oxide. 

Radioactive labels include, for example, ^^P. This label can be detected by a 
phosphoimager. Detection of course, depends on the resolution of the imager. 
Phosophoimagers are available having resolution of 50 microns. Accordingly, this 
label is currently useful with chips having features of that size. 

The clinical setting requires performing the same test on many patient samples. The 
automated methods of this invention lend themselves to these uses when the test is 
one appropriately perfonned on a biological chip. For example, a DNA array can 
determine the particular strain of a pathogenic organism based on characteristic DNA 
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sequences of the strain. The advanced techniques based on these assays now can be 
introduced into the clinic. Fluid samples from several patients are introduced into the 
test wells of a biological chip plate and the assays are performed concurrently. 

In some embodiments, it may be desirable to perfonn multiple tests on multiple 
patient samples concurrently. According to such embodiments, rows (or columns) of 
the microtiter plate will contain probe arrays for diagnosis of a particular disease or 
trait. For example, one row might contain probe arrays designed for a particular 
cancer» while other rows contain probe arrays for another cancer. Patient samples are 
then introduced into respective columns (or rows) of the microtiter plate. For 
example, one column may be used to introduce samples from patient "one," another 
column for patient *two" etc. Accordingly, multiple diagnostic tests may be 
performed on multiple patients in parallel. In still further embodiments, multiple 
patient samples are introduced into a single well. In a particular well indicator the 
presence of a genetic disease or other characteristic, each patient sample is then 
individually processed to identify which patient exhibits that disease or trait. For 
relatively rarely occurring characteristics, further order-of-magiiitude efilciency may 
be obtained according to this embodiment. 

In the present invention, an advantage resides in the utilization of a particular protocol 
and the preparation of what are known as gel pads, as an example of the chip 
constructions discussed at length above. The gel pad technique has been specifically 
developed for the ability demonstrated herein, to prepare and analyze multiple genes 
and corresponding multiple polymorphisms with greater speed, accuracy and 
economy. Among the advantages of the gel pad constructions of the invention, is 
their reusability. Further detail regarding preparations and examples of analyses 
performed with the gel pad arrays of the invention, follow below. It should be noted 
that the present invention is not limited to any particular method or format for 
carrying out the detection of polymorphisms in a plurality of genes; the examples of 
microarrays including gel pads are merely illustrative of large number of methods for 
achieving this purpose, all of which are embraced herein. 
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In accordance with the invention, two different technologies may be employed by way 
of example. The first is a custom made micro-array gel chip for detection of 
polymorphisms have been and will be identified in the mu opioid receptor [57]. This 
chip validates the technology using DNA for which the sequence has aheady been 
detemiined by conventional manual or automated sequencing methods. These DNA 
samples are from persons both heterozygotic and homozygotic for the SNPs under 
study. Following validation of the technology, this chip may be used for high- 
throughput identification of these polymorphisms as well as other polymorphisms of 
different genes which have been or will be identified in additional uncharacterized 
samples. The second example of a type of chip to be used will be an established 
genetic micro-array gel chip for searching for novel polymorphisms in selected exon 
regions of genes of known sequence. 

Manual manufacturing of chips containing custom microarravs of oligonucleotides for 
validation o f kno\^^l SNPs . Chips may be custom prepared following established 
procedures [173] with recent improvements. For example, the micromatrix may be 
manually prepared on a 75 x 25 x 1 mm glass microscope slide (Coming Micro 
Slides) pretreated with Bind-Silane (LKB). A polymerization chamber consisting of a 
quartz mask (100 x 100 x 1.5 mm) pretreated with Repel-Silane (LKB), followed by 
treatment with O.Ol % Twcen 20, is clamped onto the slide separated by two 20 \im 
thick Teflon spacers. Polyacrylamide gel solution may consist of 4 % acrylamide 
with an acrylamide:bisacr>'iamide ratio of 19:1. The gel solution may contain 40% 
glycerol, a nonfluorescing catalyst, 0.012% TEMED, and 0,1 M sodium phosphate 
buffer, pH 7.0. The gel solution is loaded into the chamber by capillary action and the 
assembly exposed to 320 nm UV light firom a distance of 1 in for 30 min. Because 
the internal side of the quartz mask has an opaque photolithographed chromium film, 
the polyacrylamide gel will polymerize only in the transparent regions, forming 
"pads" of acrylamide gel of selected sizes - either 60 x 60 nm or 100 x 100 ^im pads 
of 20 Jim thickness. The smaller pads may be separated by 120 jim and the larger pads 
by 200 ^m. Following polymerization, the micromatrix on the slide is washed with 
water to remove nonpolymerized acrylamide, dried, and kept at room temperature 
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until ready for application of oligonucleotides. Alternative protocols for 
fragmentation and labeling are set forth below. 

Alternate Preparation No. 1 : FerTx?us/EDTA-eenerated radicals . Each reaction 
contains 1 0 microgram of 300 base T7-generated cRNA from human sample # 1 . 
This is the same material used for labelling by alkali lysis followed by kinasing and 
Texas Red bromoacetamide. In a final volume of 100 microliters: 33 microliters 
H20, 5 microliters of 2 micrograms/microliter cRNA (final O.l micrograms / 
microliter, ca. 100 picomoles); 35 microliters of 10 M urea (final 3.5 M); 10 
microliters of 0.2 M sodium phosphate, pH 7 (final 0.02 M); 1 microliters of O.I M 
Fe/EDTA 2: 1 complex (final O.OOl M); and 1 microliters of 0.1 M Lissamine 
rhodamine B ethylenediamine (Molecular Probes, Eugene OR). The mixture was 
heated at 95 C for 3 min. Five microliters 0.68 % HjOj was added (final = 0.01 M), 
and heated at 95 C for 10 min. Ten microliters of thiourea was added to stop the 
reaction. Afier incubating at room temperature for 1 min, 10 microliters 0.2 M 
NaCNBH4 was added for Schiffbase reduction. After incubation at room temperature 
for 10 min» 300 microliters of 96% ethanol / 0.4 M sodium acetate, pH 5.2 was added. 
The mixture was chilled at -20 C for 2 hours, spun at 10,000 x g for 10 minutes, 
washed with 80% ethanol, and dried. Thirty microliters 0.001 M EDTA, pH 8, was 
added. The size was confirmed by 15% acrylamide gel analysis: 5-10 hits per 
molecule. Two microliters was added to the hybridization mix for application to the 
array matrix. 

Alternate Prenaration No. 2: Phenanthroline/copper generation of radicals for 
fi^ementation. Each reaction contains 10 microgram of 300 base T7-geuerated cRNA 
from human sample # 1. This is the same material used for labelling by alkali lysis 
followed by kinasing and Texas Red bromoacetamide. In a final volume of 100 
microliters: 17 microliters HjO, 5 microliters of 2 micrograms/microliter cRNA (final 
0.1 micrograms/microliters; ca.lOO picomoles); 35 microliters of 10 M urea (final 3.5 
M); 10 microliters of 0.2 M sodium phosphate, pH 7 (final 0.02 M); 15 microliters of 
0.3 M 0-phenanthroline (final 0.045 M); 10 microliters of 0.045 M cupric sulfate 
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(final 0.0045 M); 5 microliters of 0,4 M NaCNBH4 (final 0.02 M); and 1 microliter of 
0.1 M Lissamine rhodamine B ethylenediamine (Molecular Probes, Eugene OR). 

The mixture was heated at 95 C for 3 min. Two microliters 3.4 % H2O2 was added 
(final = 0.02 M), and heated at 95 C for 10 min. Six microliters of 0.5 M EDTA was 
added to stop the reaction. After incubating at room temperature for 10 min, 300 
microliters of 96% ethanol / 0.4 M sodium acetate, pH 5.2 was added. The mixture 
was chilled at -20 C for 2 hours, spun at 10,000 x g for 10 minutes, washed with 80% 
ethanol, and dried. Thirty microliters 0.001 M EDTA» pH 8, was added. The size 
was confirmed by 15% acrylaraide gel analysis: 3-6 hits per molecule. Two 
microliters was added to the hybridization mix for application to the array matrix 

Just prior to application of ohgonucleotides, the polyacrylamide gel matiix is 
activated by treatment with 2 mL of 100% hydrazine hydrate (Sigma) at room 
temperature for 40 min. The micromatrix is then washed in 2 mL of water, placed in 
2 mL of 1% acetic acid for 10 min, washed with water, placed in 1 M NaCl for 20 
min, washed with water, dried and treated with Repel-Silane for 1 min to prevent 
accidental difiusion of solutions between the gel pads. The slides will then be washed 
in ethanol followed by water and used for the preparation of custom microchips. 
Solutions containing 50 \i\ of 100 micromolar oligonucleotides with 3-methyiuridine 
at the 3' end will be oxidized by addition of 5 \i\ of 50 mM sodium periodate in water 
for 10 min at room temperature. Oligonucleotides will be precipitated from solution 
with 10 volumes of 2% LiClO^ in acetone and washed with acetone. The dried pellet 
will be resuspended in distilled water and stored at 4°C for short term storage or at - 
20'*C for up to one month. 

Oligonucleotides are applied to the pads in a solution of approximately 1 nl by .3 
means of a simple manual pin device whose temperature is kept close to the dew point 
by means of a Peltier thermostated plate to avoid evaporation. The 240 |im diameter 
gold'plated glass fiberoptic pin (Fiberguide Industries) has a hydrophobic side surface 
and a hydrophilic upper surface, keeping the application solution at the tip of the pin. 
A solution containing oligonucleotide is applied to the pin by pipette below the slide, 
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which will be mounted in a manually operated microchip holder beneath a binocular 
microscope lens. The pin table is rotated under the selected gel pad and the solution 
transferred by downward movement of the slide, bringing the surface of the pad into 
brief contact with the head of the pin. The microchip holder is then shifted to the 
position of the next pad, and the operation repeated after washing and applying 
another oligonucleotide solution to the pm head 

The first of these custom microchips has been designed for the mu opioid receptor for 
validation of this technology with DNA samples that have already been sequenced by 
traditional methods [57]. Six oligonucleotides are immobilized on a microchip for 
validation of the three known SNPs in the MOR receptor in cxon 1. Position 17 : gel- 
GCGACGGGGGTG-5' (SEQID No:l); gel-GCGACAGGGGTG-5' (SEQ ID No:2). 
Position 24: gel-GGGTGCTTGCGG-5' (SEQ ID No:3); gel-GGGTGTTTGCGG-5' 
(SEQ ID No:4). Position 118 : gel-CTACCGTTGGAC-5* (SEQ ID No:5); gel- 
CTACCGCTGGAC-5* (SEQ ID No:6). In some cases, empirical methods are used to 
optimize the positioning of these mismatches with respect to the end of the 
oligonucleotide. This analysis is applied to the two known SNPs in the third exon of 
the MOR. Preparation is carried out of a new chip with gel pads containing the 
oligonucleotides described above as well as four additional gel pads containing 
oligonucleotides corresponding to the known SNPs in exon 3. Position 779: gel- 
GAACGCGGAGTT-5' (SEQ ID No:7); gel-GAACGTGGAGTT (SEQ ID No:8). 
Position 942: gcI-TGATGCAAGGTC-S' (SEQ ID No:9); gel-TGATGTAAGGTC 
(SEQ ID No: 10). Various control oligonucleotides are included on gel pads on this 
chip. Target DNA prepared using two separate sets of primers corresponding to 
approximately positions 1, 140 and 760, 955 are fractionated, labeled and hybridized 
together on this second microchip. (Nucleotide numbering is defined as beginning 
with the first A of the initiation codon). 

This type of chip will be available for increasing throughput of analysis of MOR 
SNPs from patients. 
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Genetic microairav chips for scQuencine selected exon regions . Genetic microchips 
containing arrays of all 4096 hexamer oligonucleotides, and 24 control DNA 
sequences, are utilized for sequencing selected exon regions of genes &om the 
subjects in this proposed study [174]. For validation of this technology, work begins 
with analysis of DNA from subjects previously characterized for SNPs in the mu 
opioid receptor gene (Bond ct al.. 1998). Selected exon regions are analyzed from the 
KOR and ORLl receptor, including the amino terminus, the first, second and third 
extracellular loops, the third intracellular loop, and the carboxyl tenninus. regions 
which have been shown to be important for receptor function. Regions selected for 
sequencing are approximately 150 bases in length. 

Fluorescent-labeled target DNA (-100 pmol) is hybridized to the custom microchip in 
appropriate solutions of formamide with 0.9 M NaCl, 1 mM EDTA, 1% Tween 20, 
and 50 mM sodium phosphate buffer (pH 7.0) at optimized temperatures for from 6- 
18 hr. Selected regions of genomic DNA is amplified by PGR, fragmented by acidic 
depurination, and end-labelled with fluorescent chromophores. This target material is 
hybridized to genetic microchips containing arrays of gel pads. The pattem of 
hybridization is analyzed by proprietary software developed at the Argonne National 
Laboratories [147,174]. Genetic microarray chips for sequencing selected exon 
regions. Genetic microchips containing arrays of the 4096 hexamer oligonucleotides, 
and 24 control DNA sequences, are utilized for sequencing selected exon regions of 
genes from the subjects. 

Following identification of polymoiphisms and defining the genotypes of the study 
subjects, genetic analyses is performed. Two types of data are collected in this study: 
case-control data and sib-pair data. Each t>pe of data is analyzed separately. For the 
case-control data, the eight candidate genes outlined above are smdied. Novel 
polymorphic alleles identified using the methods described above are analyzed for 
association and linkage. 

Sample Sizes . Cases with opiate addiction and controls with no history of opioid or 
other dependence are ascertained. The controls and cases are matched by ethnic 
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background. The example provided in Table 1 concerns the total number of cases and 
controls necessary to detect an association with power of 0.8 (b=0.2) and a=0.01. 
Sample size calculations were carried out for equal numbers of cases and controls 
[175]. In section A of Table 1, allele frequencies were used for the sample size 
calculations. It should be noted thai for this situation each case and control make up 
two observations, since each individual has two alleles at every locus. In section B of 
Table 1 sample size calculations using genotype frequencies are shown. Individuals 
which are heterozygous and homozygous for the polymorphism of interest are 
grouped together. For these sample size calculations the proportion of each genotype 
was calculated based upon the assumption that they arc in Hardy- Weinberg 
equilibrium. 
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♦Either Group A or Group B can be cases or controls. 



As an example, in one study of the mu opioid receptor [57], allele frequencies of 0.1 1 
and 0.07, for Al 18G and C17T SNT*s, respectively, were observed. For the C17T 
polymorphism there was a 6.6 fold increase in the polymorphism for cases. With 900 
cases and controls available for study, Table 1 demonstrates that the sample sizes are 
sufficient to detect an association in a variety of conditions. 
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Data Analysis . Exact tests for Hardy- Weinberg Equilibrium ([176], implemented in 
MLD program available at http://statgen.ncsu.edu/#soflware) are carried out on cases 
and controls stratified by ethnic groups as well as for the non-stratified case and 
control groups. The data is stratified by ethnic group and opiate dependency status for 
each of the polymorphism studied. The pooled relative risk (RR) and the Mantel- 
Haenszel chi-square [177] are calculated. Chi-square tests of homogeneity is also 
carried out to test for differences in RR between ethnic groups. These analyses are 
carried out using both allele and genot>'pe frequency data. 

As noted hereinabove, the definition of polymorphisms of genes the expression of 
which is known to be altered during or exposure to drugs of abuse or addiction is of 
profound importance in enhancing the understanding of the neurobiology of addictive 
disease and the roots of individual variation in the vulnerability to develop addictions. 
In addition, knowledge of the polymorphisms will enhance our understanding of 
normal physiology and other disease states, and will provide the pharmacogenomic 
basis for the development of targeted therapeutics. As noted above, the foregoing 
description extends to the neurotransmitter gene families described above and top the 
conditions and diseases which arise from or are related or linked to alterations in gene 
expression and/or polymorphisms, including single-nucleotide polymorphisms, 
additions, deletions, and other mutations. These various embodiments are fully 
embraced herein. 

Particular neurotransmitters receptors were prepared and analyzed in accordance with 
the invention, and the figures attached hereto are demonstrative of the procedures and 
results. 
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weight or molecular mass values, given for nucleic acids or polypeptides are 
approximate, and are provided for description. 
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WHAT IS CLAIMED IS: 

1 . A method for making a biological chip plate comprising the steps of: 

(a) providing a body comprising a plurality of defining spaces; 

(b) providing a wafer comprising on its surface a plurality of probe 
arrays, each probe array comprising a collection of probes, at least 
two of which are different, arranged in a spatially defined and 
physically addressable manner; and 

(c) wherein the probe arrays are selected from a family of 
neurotransmitter genes known to be affected by exposure to 
addictive agents and/or alcohol. 

2. The method of claim 1 wherein the probes are DNA or RNA molecules. 

3- The method of claim 1 wherein said neurotransmitter genes are selected 

from the group consisting of opioid system genes, dopaminergic system 
genes, serotonin system genes, signal transducer genes, acetylcholine 
receptor genes, GABA receptor (muscarinic) genes, glutamate receptor 
genes, and NMDA receptor genes. 

4. The method of claim 3 wherein said opioid system genes are selected from 
the group consisting the mu opioid receptor, kappa opioid receptor, delta 
opioid receptor, preprodynorphin, the mu opioid receptor, the delta opioid 
receptor, preproenkephalin, the opioid-Uke receptor 1 , orphanin FQ 
(prepronociceptin), preproenkephalin, nociceptin, corticotropin releasing 
factor and the corticotropin releasing factor receptor type I, 
preproopiomelanocortin, and any combination thereof. 

5. The method of claim 3 wherein said dopaminergic system gene is 
dopaminergic receptor Dl -D5 and dopamine transporter. 
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The method of ciaim 3 wherein said serotonin system gene is melatonin, 
serotonin receptors (5-HTl,2,3,4,5,6,7 and subtypes), serotonin transporter, 
or a norcpinephrin receptor. 

The method of claim 3 wherein said signal transducer gene is adenylyl 
cyclase, DARPP-32, dopamine Dl receptor, dopamine D2 receptor, and 
calcineurin. 

The method of claim 4 wherein said neurotransmitter genes are associated 
with a genetic predisposition to, susceptibility to, development of, 
characteristics of, or persistence of a physiological or pathological response 
to a neurotransmitter factor-related condition, anomaly, aberration, disorder 
or dysfunction. 

The method of claim 8 wherein said neurotransmitter factor-related 
condition is addiction. 

The method of claim 9 wherein said addiction is opiate, cocaine or alcohol 
addiction. 

The method of claim 8 wherein said neurotransmitter genes arc opioid 
receptor system genes. 

The method of claim 1 1 wherein said opioid system genes are selected from 
the group consisting the mu opioid receptor, kappa opioid receptor, delta 
opioid receptor, preprodynorphin, the mu opioid receptor, the delta opioid 
receptor, preproenkephalin, the opioid-like receptor 1, orphanin FQ 
(prepronociceptin), preproenkephalin, nociceptin, corticotropin releasing 
factor and the corticotropin releasing factor receptor type I, 
preproopiomelanocortin, and any combination thereof. 
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A method for identifying a genetic predisposition to, susceptibility to, 
development of, characteristics of, or persistence of a physiological or 
pathological response to a neurotransmitter factor-related condition, 
anomaly, aberration, disorder or dysfunction, comprising identifying, using 
a multiple biological sample array, genetic polymorphisms in a plurality of 
neurotransmitter genes associated with said neurotransmitter factor-related 
condition, anomaly, aberration, disorder or dysfunction. 

The method of claim 13 wherein said neurotransmitter genes are selected 
from the group consisting of opioid system genes, dopaminergic system 
genes, serotonin system genes, signal transducer genes, acetylcholine 
receptor genes, GABA receptor (muscarinic) genes, glutamate receptor 
genes, and NMDA receptor genes. 

The method of claim 14 wherein said dopaminergic system gene is 
dopaminergic receptor D1-D5 and dopamine transporter. 

The method of claim 14 wherein said serotonin system gene is melatonin, 
serotonin receptors (5-HTl,2,3,4,5,6,7 and subtypes), serotonin transporter, 
or a norepinephrin receptor. 

Tlie method of claim 14 wherein said signal transducer gene is adenylyl 
cyclase, DARPP-32, dopamine Dl receptor, dopamine D2 receptor, and 
calcineurin. 

The method of claim 14 wherein said neurotransmitter genes are opioid 
system receptor genes. 

The method of claim 13 wherein said genes are selected from the group 
consisting of the mu opioid receptor, kappa opioid receptor, delta opioid 
receptor, preprodynorphin, the mu opioid receptor, the delta opioid receptor, 
preproenkephalin, the opioid-Iike receptor 1, orphanin FQ 
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(prepronociceptin), preproenkephalin, nocicqjtin, corticotropin releasing 
factor and the corticotropin releasing factor receptor type I, 
preproopiomelanocortin, and any combination thereof. 

The method of claim 13 wherein said genetic polymorphisms are associated 
with a neurotransmitter factor-related condition, anomaly, aberration, 
disorder or dysfunction. 

The method of claim 13 wherein said polymorphisms are not associated 
with a neurotransmitter factor-related condition, anomaly, aberration, 
disorder or dysfunction. 

The method of claim 13 wherein said poI^Tiiorphisms arc identified in DNA 
or in RNA. 

The method of claim 13 wherein said neurotransmitter factor-related 
condition is selected from the group consisting of neurologic disorder or 
dysfunction, response to pain, stress, gastrointestinal function, immune 
function, reproductive function, and signal transduction. 

The method of claim 13 wherein said neurotransmitter factor-related 
condition is associated with a neurological disorder or dysfunction. 

The method of claim 25 wherein said neurologic disorder is selected from 
the group consisting of addiction, schizophrenia, Tourctte syndrome, drug 
abuse, attention deficit disorder, anxiety, depression, obsessive-compulsive 
disorder, stroke, obesity, response to pain, hypertension, vascular disorders, 
migraine, nausea, Alzheimer disease, aggressive behavior, premenstrual 
syndrome, diabetic neuropathy, suppression of alcohol intake, and 
Parkinson disease. 
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The method of claim 26 wherein said addiction is opiate addiction, cocaine 
addiction, or alcohol addiction. 

The method of claim 27 wherein said opiate addiction is heroin addiction. 

A method for identifying a genetic predisposition to, susceptibility to, 
development of, characteristics of, or persistence of a physiological or 
pathological response to a neurotransmitter factor-related condition, 
anomaly, aberration, disorder or dysfunction, comprising identifying, using 
a biological sample array, gene expression in a plurality of opioid system 
genes associated with said neurotransmitter factor-related condition, 
anomaly, aberration, disorder or dysfunction. 

The method of claim 29 wherein said neurotransmitter genes are selected 
from the group consisting of opioid system genes, dopaminergic system 
genes, serotonin system genes, signal transducer genes, acetylcholine 
receptor genes, GABA receptor (muscarinic) genes, glutamate receptor 
genes, and NMDA receptor genes. 

The method of claim 30 wherein said dopaminergic system gene is 
dopaminergic receptor D1-D5 and dopamine transporter. 

The method of claim 30 wherein said serotonin system gene is melatonin, 
serotonin receptors (5-HTl, 2,3,4,5,6,7 and subtypes), serotonin transporter, 
or a norepinephrin receptor. 

The method of claim 30 wherein said signal transducer gene is adenylyl 
cyclase, DARPP-32, dopamine Dl receptor, dopamine D2 receptor, and 
calcineurin. 

The method of claim 30 wherein said acetylcholine receptor (nicotinic) is 
-E and subtypes. 
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The method of claim 29 wherein said neurotransmitter genes are opioid 
receptor genes. 

The method of claim 35 wherein said genes are selected from the group 
consisting of the mu opioid receptor, kappa opioid receptor, delta opioid 
receptor, preprodynorphin, the mu opioid receptor, the delta opioid receptor, 
preproenkephalin, the opioid-like receptor 1 . orphanin FQ 
(prepronociceptin), preproenkephalin, nociccptin, corticotropin releasing 
factor and the corticotropin releasing factor receptor type I, 
preproopiomelanocoTtin, and any combination thereof. 

The method of claim 29 wherein said neurotransmitter factor-related 
condition is selected from the group consisting of neurologic disorder or 
dysfunction, response to pain, stress, gastrointestinal function, immune 
function, reproductive function, and signal transduction. 

The method of claim 37 wherein said neurotransmitter factor-related 
condition is associated with a neurological disorder or dysfunction. 

The method of claim 38 wherein said neurologic disorder is selected from 
the group consisting of addiction, schizophrenia, Tourette syndrome, drug 
abuse, attention deficit disorder, anxiety, depression, obsessive-compulsive 
disorder, stroke, obesity, response to pain, hypertension, vascular disorders, 
migraine, nausea, Alzheimer disease, aggressive behavior, premenstrual 
syndrome, diabetic neuropathy, suppression of alcohol intake, and 
Parkinson disease. 

The method of claim 39 wherein said addiction is opiate addiction, cocaine 
addiction, or alcohol addiction. 

The method of claim 40 wherein said opiate addiction is heroin addiction. 
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A method for making a biological chip plate comprising the steps of: 

(a) providing a body comprising a plurality of wells defining spaces; 

(b) providing a wafer comprising on its surface a plurality of probe 
arrays, each probe array comprising a collection of probes, at least 
two of which are different, arranged in a spatially defined and 
physically addressable manner; 

(c) attaching the wafer to the body so that the probe arrays are exposed 
to the spaces of the wells; 

(d) wherein the probe arrays are selected from a family of 
neurotransmitter genes known to be involved in a neurologic 
disorder or dysfunction, response to pain, stress, gastrointestinal 
function, immune function, reproductive function, or signal 
transduction. 

The method of claim 42 wherein the probes are DNA or RNA molecules. 

A method for making a biological chip plate comprising the steps of 
providing a wafer comprising on its surface a plurality of probe arrays, each 
probe array comprising a collection of probes, at least two of which are 
different, arranged in a spatially defined and physically addressable manner; 
and applying a material resistant to the flow of a liquid sample so as to 
surround the probe arrays, thereby creating test wells. 

The method of claim 44 wherein said probes are DNA or RNA molecules. 
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SEOUFNCES 

GCGACGGGGCTG-5* (SEQ ID No: 1 ) 
GCGACAGGGGTG-5' (SEQ ID No:2) 
GGGTGCTTGCGG-5' (SEQ ID No:3) 
GGGTGTTTGCGG-5' (SEQ ID No:4) 
CTACCGTTGGAC-5' (SEQ ID No:5) 
CTACCGCTGGAC-5* (SEQ ED No:6) 
GAACGCGGAGTT-S' (SEQ ID No:7) 
GAACGTGGAGTT (SEQ ID No:8) 
TGATGCAAGGTC-5* (SEQ ID No:9) 
TGATGTAAGGTC (SEQ ID No:10) 
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